Context. The effects of external irradiation on the chemistry and physics in the protostellar envelope around low-mass young stellar objects are poorly understood. The Corona Australis star-forming region contains the R CrA dark cloud, comprising several low-mass protostellar cores irradiated by an intermediate-mass young star. Aims. We study the effects on the warm gas and dust in a group of low-mass young stellar objects from the irradiation by the young luminous Herbig Be star R CrA. Methods. Herschel/PACS far-infrared datacubes of two low-mass star-forming regions in the R CrA dark cloud are presented. The distribution of CO, OH,
Introduction
One of the open questions in low-mass star formation is how the irradiation from intermediate-mass stars affects the chemistry, temperature, and excitation conditions in the warm gas around low-mass young stellar objects. With the resolution of the Herschel Space Observatory, superior to that of previous far-infrared telescopes, in combination with deconvolution algorithms, we can now address this question. Both the spectral line emission from the gas and the dust continuum emission from the warm regions peak in the far-infrared (FIR) part of the electromagnetic spectrum. CO, the second most abundant molecule in the interstellar medium (ISM) after H 2 , has a large number of transitions in this band. In addition, water and its related species, OH, have their most important transitions in this band.
With the advent of the Herschel Space Observatory (Pilbratt et al. 2010 ), FIR observations with unprecedented spatial and spectral resolution have been made available. The Herschel observations of low-mass YSOs reveal numerous lines of CO, H 2 O, and OH, along with atomic lines like [O i] and [C ii] (e.g. Herczeg et al. 2012; Kristensen et al. 2012; Green et al. 2013) . In most studied sources, the CO rotational diagrams can be fitted with warm and hot components, with rotational temperatures of about 300 K and 900 K, respectively Karska et al. 2013; Manoj et al. 2013) . The OH and H 2 O emission is usually characterised by somewhat lower rotational temperatures around 100 K (Goicoechea et al. 2012; Herczeg et al. 2012; Wampfler et al. 2013) . Most of these studies of low-mass YSOs have targeted isolated embedded objects. To better understand low-mass star formation in more dynamic environments, studies of small groups of resolvable embedded objects are warranted. This paper presents PACS (Photodetector Array Camera and Spectrometer; Poglitsch et al. 2010 ) maps of the R Coronae Australis (R CrA) dark cloud, which harbours one of the closest starArticle number, page 1 of 37
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forming regions, located at a distance of 130 pc (Neuhäuser & Forbrich 2008 ). The cloud is named for the young star R CrA, which has spectral classifications ranging from F5 to B5 (e.g., F5: Hillenbrand et al. 1992 ; A0: Manoj et al. 2006; B8: Bibo et al. 1992 ; B5: Gray et al. 2006) . The cloud was mapped in CO by Loren (1979) , who found an elongated cloud extended over about 2 by 0.5 pc and peaking near R CrA. Higher resolution maps of C 18 O with the SEST (Swedish-ESO Submillimetre Telescope) revealed several dense molecular clumps with masses between 2 M and 50 M near R CrA (Harju et al. 1993) . Surveys of the clumps have revealed a number of embedded protostars, with IRS7 in the clump to the southeast of R CrA and IRS5 in the clump to the west. Taylor & Storey (1984) report that IRS7 is the most reddened source in the region, having a visual extinction of more than 25 mag. Brown (1987) split IRS7 into two sources separated by 14 , using VLA 6 cm observations. For a more complete description and references, see Neuhäuser & Forbrich (2008) .
The R CrA region (including IRS7) has previously been studied at FIR wavelengths using the ISO telescope Giannini et al. 1999) , detecting lines from CO, OH, O i, and C ii. However, these studies were limited by the ISO angular resolution of 80 , which made it impossible to separate the sources in the region. Sicilia-Aguilar et al. (2013) present 100 µm and 160 µm photometry maps of the CrA region observed with Herschel/PACS. The IRS7 clump is positioned with its centre between the two Herbig Ae/Be stars R CrA and T CrA, and harbours a handful of Class 0/I Young Stellar Objects (YSOs). Nutter et al. (2005) report detections of four cores within the IRS7 and IRS5 clumps in SCUBA 450 µm and 850 µm data: SMM 1A, with no mid-IR counterpart, proposed to be a pre-stellar core; SMM 1B, coincident with the mid-IR source IRS7B; SMM 1C, a Class 0 protostar; and SMM 4, coincident with the IRS5 clump. Peterson et al. (2011) report SMA 1.3 mm point-source continuum detections at the positions of SMM 1B (IRS7B), SMM 1C, and SMM 4 (IRS5N). The IRS5 clump contains two protostellar sources, IRS5A and IRS5N. IRS5 is situated at a slightly greater projected distance from R CrA than is IRS7. IRS5A is not detected in SMA 1.3 mm continuum observations, whereas IRS5N shows significantly fainter continuum emission than the IRS7 sources (95 mJy in IRS5N, 320 mJy in IRS7B; Peterson et al. 2011 ).
Through single-dish APEX observations, Schöier et al. (2006) found elevated H 2 CO and CH 3 OH abundances and rotational temperatures in IRS7A and IRS7B, which were suggested to be caused by increased internal heating or outflows. van Kempen et al. (2009a) used mid-J CO observations to find an EW outflow centred at IRS7A, but also found that the CO line fluxes in the region are too high to originate from heating by the embedded protostars, and proposed that the heating originates from R CrA. This was confirmed by Lindberg & Jørgensen (2012) , who found large-scale (∼ 10 000 AU) H 2 CO emission heated to 40-60 K by external irradiation from R CrA. The IRS5 sources are found to be less affected by the irradiation from R CrA (the H 2 CO rotational temperature in a 29 beam is 47 K for IRS7B and 28 K for IRS5A; Lindberg et al., in prep.) .
In Sect. 2 we will describe the methods of observations and data reductions and show the first results. In Sect. 3 follows a discussion of our deconvolution algorithm and the results thereof. In Sect. 4 we investigate models of the excitation conditions of the gas. In Sect. 5 we discuss the interpretations of our results, and in Sect. 6 we list our conclusions.
Observations and data description
In this section we first describe the observations and methods of data reduction. A more detailed description can be found in Green et al. (2013) . We then discuss the first results of these reductions.
Observation setup and data reduction
Integral-field spectroscopy observations in the far infrared (FIR) regime that cover parts of the R CrA star-forming region were performed by the Photodetector Array Camera and Spectrometer (PACS; Poglitsch et al. 2010 ) on board the ESA Herschel Space Observatory (Pilbratt et al. 2010) , with a spectral range from 55 µm to 210 µm. The observations were carried out in range-spectroscopy mode. The spectral resolution varies between 0.013 µm and 0.13 µm (∆ ≈ 55-318 km s −1 , λ/∆λ ≈ 950-5500).
These observations are part of the "Dust, Ice and Gas in Time" (DIGIT; PI: N. Evans) Open-Time Key Programme, a survey of the change of FIR spectral features through the evolution of young stellar objects. For details of the DIGIT Key Programme, see Green et al. (2013) . The observed PACS fields are shown compared to the point-source positions and a Spitzer 4.5 µm image in Fig. 1 , and the telescope pointings are found in Table 1 . The configuration of the 9 . 4 × 9 . 4 spaxels shown in Fig. 1 is a simplified model: in reality, no spaxels overlap. This is taken into account in the deconvolution method described in Sect. 3.1.
The spectral line fluxes in each spaxel were calculated using the HIPE 8.0.2489 reduction of the data, but corrected by the continuum value in the HIPE 6.1 reduction. The HIPE 8.0.2489 reduction was found to provide on average ∼ 40% better signalto-noise ratio (spanning from almost no improvement up to about a factor 2 at specific wavelengths), whereas the HIPE 6.1 reduction produced more accurate and reliable spectral energy distributions (SEDs) by ∼ 20%. These SEDs are consistent with PACS photometry within ∼ 10% . The method of combining these two reductions is thoroughly described in Green et al. (2013) . For the continuum flux densities, the HIPE 6.1 reduction was used.
For each spectral line in each spaxel, a first-degree polynomial baseline calculated from the surrounding line-free channels was subtracted from the spectrum. The total line flux was then calculated by summing the channel flux densities within a typical linewidth (mostly 0.1-0.5 µm) and multiplying this sum by the channel width. Of the OH doublets, only four out of nine are resolved. In the unresolved cases, the combined total flux for both OH lines is calculated, and half of this value is used for each of the components in the rotational diagram analysis. The statistical errors are calculated from the rms noise around each spectral line (any lines weaker than 3σ are ignored) to get the total standard deviation of the spectral line flux. If nothing else is stated, all errors given in this paper are at the 1σ level. In addition to the statistical error, a systematic calibration error of 20% of the flux (see Green et al. 2013 ) is used when calculating quantities such as the rotational temperatures and total number of molecules from the rotational diagrams.
The two bands below 103 µm are considerably noisier than the bands above this wavelength, and between approximately 94 µm and 103 µm the noise makes line fluxes very difficult to estimate. The spectrometer suffers from leakage in the wavelength ranges 70-73 µm, 98-105 µm, and above 190 µm, which produces ghost images of lines from the next higher grating order. Fluxes at these wavelengths are thus less reliable than at other wavelengths (Herczeg et al. 2012) . In addition to the Herschel data, we also used the ISIS spectrograph on the William Herschel Telescope (WHT) on 6 August 2012 to obtain a low-resolution (R ∼ 1 000) optical spectrum of R CrA covering 3 000-10 000 Å. The spectrum was flux calibrated against the spectrophotometric standard LTT 7987. The analysis of this spectrum will be discussed in Sect. 4.1.1.
First look
In this section, we provide a first look at the PACS continuum and spectral maps before they are treated by our deconvolution algorithm.
Continuum maps
The total emission continuum maps of IRS7 and IRS5 at three representative wavelengths can be found in Figs. 2-3, and continuum maps at 20 µm steps can be found in Figs. A.1-A.2. These continuum maps show extended emission in the order of 30-60 in size. The larger sizes are found in the longer wavelengths (which could be suggested to be attributed only to the larger beam size at these wavelengths, but the shapes of the emission suggest differently; see also Sect. 3.2). The highest continuum flux densities in the strongest illuminated spaxels are found around 85 µm in IRS7 and 105 µm in IRS5, but the spatially integrated flux density is strongest around 120 µm in IRS7 and 155 µm in IRS5 (since the longer wavelength data have more extended PSFs, which spreads the signal over a larger solid angle). It is, however, difficult to draw conclusions about the stages of evolution of the individual sources from the total emission, since it is a combination of several compact sources and any extended emission. For such a study, deconvolution of the emission is necessary.
The continuum emission in the IRS7 region is very extended in comparison to the line emission (see Sect. 2.2.2), and has at least some signal across most of the two PACS fields that cover the region (see Figs. 2-3) . Without any deconvolution, it is impossible to distinguish the point sources detected in mid-IR and mm data (IRS7A, IRS7B, SMM 1C, and R CrA).
IRS5 consists of two separate sources, of which the northern source IRS5N is detected in SMA continuum, whereas the southern IRS5A is detected in Spitzer continuum and line emis-A&A proofs: manuscript no. herschel_rcra_arxiv Fig. 2 . IRS7 contour maps of continuum emission at three wavelengths (green with black contours), and some important spectral lines (the same as in Table 4 of Green et al. 2013 , blue with red contours). The first column in each panel shows the total emission, whereas the second column in each panel shows the residual emission after deconvolution (emission not associated with the point sources). Such maps of the whole band of continuum and all spectral lines can be found in Appendices A-B. The point sources used for the deconvolution are marked with crosses, except for R CrA, which is marked with a star symbol (the sources are identified in the top row). The dots indicate the PACS spaxel centres. The Herschel PSF for each observation is shown in the top left corner. Contour levels are at 10 Jy for the continuum maps, and at 5σ, 10σ, 15σ, 30σ, 60σ, and 90σ for the line maps. sion. It is difficult to distinguish the two sources in the PACS data.
Johan E. Lindberg et al.: Warm gas towards young stellar objects in Corona Australis Fig. 3 . As Fig. 2 , but for IRS5. Contour levels are at 3 Jy for the continuum maps, and as in Fig. 2 
Spectral line maps
The sum of the PACS spectra of the spaxels closest to IRS7A and SMM 1C is shown in Fig. 4 There is also a relatively strong band of extended emission in a band W and NE of IRS7A. For IRS5, the spectral line emission seems point-like. The CO, OH, and H 2 O emission detected by PACS in the IRS7 field is centrally peaked on the three protostellar sources in the IRS7 field (SMM 1C, IRS7A, and IRS7B), with the strongest emission from SMM 1C and IRS7A. This is consistent with the centrally peaked (but also extended) CO J = 6 → 5 and HCO + emission found by van Kempen et al. (2009a,b) , but different from the very extended H 2 CO and CH 3 OH emission detected in SMA (Submillimeter Array) and APEX (Atacama Pathfinder Experiment) observations (Lindberg & Jørgensen 2012) . None or very little FIR line emission is seen around SMM 1A, despite the fact that this region shows very strong H 2 CO and CH 3 OH emission in the SMA mm data.
Image analysis
As is clearly seen in the total emission continuum and line maps (Figs. 2-3) , the emission originating from the different sources in the IRS7 and IRS5 fields cannot be easily separated, and a deconvolution method needs to be applied. To test the hypothesis that most of the emission can be accounted for by the previously known point sources, we need to deconvolve the data with the point-spread function (PSF) of the observations.
Deconvolution method
The effective diameter of the Herschel Space Observatory is 3.28 m. The Herschel PSF is slightly triangular projected on the sky due to the three-point mount of the telescope dish (see Fig. C.1 ), but it can be roughly approximated by a Gaussian with a full width at half maximum (FWHM) between 4 and 12 depending on the wavelength (for our deconvolution algorithm we instead use PSFs constructed from the simulated telescope PSF; see Appendix C). The PACS spectrometer detector array consists of 25 spaxels, positioned in a square 5×5 pattern. The separations between the spaxel centres are on average approximately 9 . 25. This has the effect that emission from a point source will spill over to adjacent spaxels, particularly for the longer wavelengths, since the telescope PSF will be larger than the spaxel size. This is normally easy to correct for when observing a single well-centred point source, because it is then in principle sufficient to use the central spaxel flux (or flux density) multiplied by a wavelength-dependent PSF correction factor 1 . However, if observing off-centred point sources, several point sources in the same field, or extended emission (or combinations of these), the interpretation of the data becomes more difficult. We find several point sources in the IRS7 field, some of them not well-centred on spaxel centres, and also signs of extended emission in the PACS field, and therefore need another method to separate the emission from the different possible origins. The IRS7 field was observed in two partially overlapping PACS pointings, which creates an almost Nyquist-sampled map for all but the shortest wavelengths in the overlap region.
To be able to distinguish point-source emission from more extended emission, the signal must be deconvolved from the PSF. However, the spatial resolution of the signal is limited by the design of the PACS instrument, only providing 25 data points for this signal per pointing. We have developed a method that still can provide deconvolution of point sources from the PACS data, called POMAC 2 . The method is based on the CLEAN algorithm (Högbom 1974) , often used to deconvolve undersampled maps in radio interferometry. Due to the low number of data points, our method relies on a priori knowledge about the pointsource positions. In this case, we employ ALMA data from Lindberg et al. (2013) , and SMA and Spitzer data from Peterson et al. (2011) to establish the positions of the YSOs with an accuracy of 1 . Based on the larger sample of more isolated sources , we expect that a major part of the emission seen with Herschel, both continuum and line, will originate from the point sources seen at mid-infrared and submillimetre wavelengths, and we use the deconvolution to test this hypothesis. The CLEAN algorithm is used with the modification that it is only allowed to identify these pre-defined point sources as sources of emission. The algorithm then iterates over the PACS data with customary break criteria (such as avoiding subtraction below the noise floor in any spaxel). After this, the residual map can be studied to identify previously unknown point sources as well as extended emission. Repeating the process after adding new point sources will eventually leave all extended emission in the residual map (however, still convolved with the PSF). The algorithm was tested on the PACS spectrometer continuum of the disc source HD 100546 (Sturm et al. 2010) , which is not expected to differ significantly from a point source in the continuum. The deconvolution produced results within errors of those obtained using the PACS PSF correction factor across the whole PACS band, and no significant residuals were noted. A more detailed explanation of the POMAC algorithm, including a description of how the telescope PSFs were generated, can be found in Appendix C.
Definition of point sources
The sources treated in this paper have been studied in several previous papers, giving them many different names. To facilitate comparison with other work, a list of the most common names for these point sources found in the literature can be found in Table 2. We will maintain the name usage of Lindberg & Jørgensen (2012) .
To match the line and continuum emission with compact objects we rely on a priori position data from other observations with better resolution, thus obtained in other wavebands. To cover all sources that could be visible in the FIR, we used both longer (submillimetre) and shorter (mid-infrared) wavelength observations to identify possible point sources. Peterson et al. (2011) used SMA 226 GHz continuum observations to identify four continuum peaks in the IRS7 and IRS5 regions (IRS7B, SMA2 / SMM 1C, IRS5N, and R CrA); and Spitzer 4.5 µm observations to find five continuum peaks in the same fields (R CrA, CrA-19 / IRS5A, IRS7B, IRS7A, and CXO 34). We identified four of these sources (IRS7B, SMM 1C, IRS7A, and CXO 34) in ALMA Cycle 0 observations of the 342 GHz continuum centred at IRS7B (Lindberg et al. 2013 ). The ALMA 2 Poor Man's CLEAN. Notes.
(a) Coordinates from ALMA 0.8 mm continuum map (Lindberg et al. 2013) . (b) Coordinates from Spitzer 4.5 µm image data (Peterson et al. 2011) .
(c) Coordinates from SMA 1.3 mm maps (Peterson et al. 2011). coordinates are of superior accuracy, and will be used for these sources. The coordinates for these sources can be found in Table 2 .
From these point-source positions, we selected the six most prominent sources (only excluding CXO 34, which is almost an order of magnitude weaker at 4.5 µm than the second weakest infrared source) to use for the deconvolution of both the continuum and the line emission. The excluded source CXO 34 is not only very weak, but also situated between the much stronger sources IRS7B and IRS7A, and any far-infrared emission originating from CXO 34 would not be possible to disentangle from the emission of the surrounding sources.
IRS7A and SMM 1C have an angular separation of only 5 , i.e. not spatially resolved by the PACS array. We attempted to separate the emission from IRS7A and SMM 1C, but we found that the results were unreliable, also for the shorter wavelengths. Therefore, we have decided to treat IRS7A and SMM 1C together, summing the fluxes given for the two sources. This is not ideal, however, since they are suggested to be of different types (Class 0 and Class I, respectively). Since the line and continuum emission in this region is extended in the north-south direction it is likely that both sources contribute to this emission.
Results of the continuum deconvolution
Deconvolved and non-deconvolved spectra of the point sources are found in Fig. 5 . When comparing the non-deconvolved and deconvolved spectra, we find that the spectral lines are stronger compared to the continuum in the deconvolved data (especially in the IRS7 sources), indicating that the spectral line emission is less extended than the continuum emission, a pattern which is also seen in the larger DIGIT embedded objects sample (hereby referred to as "the DIGIT sample"; Green et al. 2013) , although data of more crowded regions (e.g. Serpens; Dionatos et al. 2013) or strong outflow sources (e.g. L1448-MM; Lee et al. 2013) show spatial extent. As in the other sources in the DIGIT sample, the emission from [O i] is more extended than that from the other species. We also find that IRS5N only shows a few spectral lines, but has a continuum as strong as that of IRS5A. The bumps in the spectra around 180 µm are caused by an instrument leakage effect.
The continuum deconvolution is performed on averaged linefree spectral boxes every 5 µm. As a sanity check, these results A&A proofs: manuscript no. herschel_rcra_arxiv Fig. 5 . Spectra of the deconvolved point-source emission (black) and the non-deconvolved data (grey). Note that since the flux density in the line channels are sums of the line and continuum flux densities, these will not be properly cleaned (line strengths are under-estimated in these spectra, due to the more extended continuum). The deconvolved spectra shown here are used for a sanity check on the continuum deconvolution (see Sect. 3.2), but not for extracting line fluxes (see Sect. 3.3 for a description of the method used for the line flux deconvolution). are compared to the continuum level found in the channel-bychannel deconvolution (see above and Running the POMAC deconvolution algorithm on the continuum data leaves strong residual emission in a shape that remains constant across most of the PACS spectral band, except for the shortest wavelengths. We find only a little continuum residual emission in the centre of the IRS7 field, but strong residual emission is found in two ridges north and south of the YSOs. This could be an effect of the stop criteria used by the POMAC algorithm, which assume that all emission on the point-source positions shall be attributed to the point sources, and should thus not leave considerable residuals on-source. We did several PO-MAC runs with different stop criteria. None of them could reproduce a smooth continuum residual, but either showed the ridges or left significant emission on the point source positions. The continuum residual at 110 µm is shown in Fig. 6 , which is used to define the residual regions Res N-c and Res S-c (c for continuum). These regions are chosen to coincide with the spaxels with a residual continuum spectral flux density of at least 30 Jy at 110 µm. Also shown are the ridges of molecular gas detected in H 2 CO and CH 3 OH (Lindberg & Jørgensen 2012) , which bear resemblance in shape and position to the PACS continuum residuals. Res S-c coincides partially with the pre-stellar core SMM 1A detected in SCUBA submm observations (Nutter et al. 2005) . These similarities indicate that the deconvolution algorithm and the used stop criteria produce accurate results. Also in the IRS5 field there is some residual continuum emission, but only at wavelengths longer than 100 µm. 
Results of the spectral line deconvolution
For the deconvolution of the spectral lines, the flux of each spectral line in each spaxel is first measured after subtraction of linear baselines, producing total line flux maps. These total line flux maps are then the input data to the POMAC algorithm. The line strengths are somewhat higher (approximately 20%) compared to those found if extracting line strengths from the continuum-subtracted channel-by-channel-deconvolved spectra (Fig. 5 ). This is due to the stop criteria, making the algorithm reach the noise floor earlier in the channel-by-channel data than in the line flux data, since the S/N level is lower in the individual channels than for the total line fluxes.
The line flux maps as well as the deconvolution residual maps of seven important spectral lines can be found in the 14 last panels of Figs. 2-3. All total line intensity maps and residual maps can be found in Figs. B.1-B.10 in Appendix B. The extracted point source line fluxes are listed in Table 9 . Note that, as in the case of the continuum deconvolution, the POMAC algorithm will attribute all on-source emission to the point sources, and not leave residuals at the point-source positions. One could also assume that the point sources are sitting on a plateau of extended emission, but attempts to model that situation with different stop criteria have been unsuccessful. In any case, since the residual emission is much fainter than the point-source emission, such a solution would not change the results of excitation analysis of the point sources dramatically. It is difficult to give an exact estimate on this contribution, since the residual emission is primarily found west of the IRS7 point sources, and a smooth distribution of the extended emission around these sources is thus not possible. For CO, the molecule with the most prominent extended emission, the point sources line fluxes would be 25% lower assuming a flat distribution of the extended emission as strong as the residual west of the point sources, but it shall be noted that this is a worst-case scenario. Our estimates show that the errors on the rotational temperatures (Sect. 4.2) would increase by ∼ 60% assuming this scenario. The reported extended emission should, on the other hand, be seen as a lower limit on the amount of extended gas.
Some spectral lines suffer heavily from line blending, and will not be considered in the further analysis. These are listed in Table 3 . In addition, only spectral lines between 55 µm and 100 µm, and 103 µm and 195 µm are considered, due to leakage and/or a high noise level in the outer parts of the bands. The instrument suffers from leakage also in the ranges 70-73 µm and 98-105 µm, so line strengths in these bands are less reliable than those in other bands.
CO emission patterns
We find CO emission associated with all the pre-defined point sources in the deconvolution, although only very faint emission is found to originate from IRS5N.
Studying the residual maps (Figs. 6 and B.1-B.2), considerable extended CO emission is found southwest, east, north, and west of the point sources in the IRS7 field for the lower-J CO lines (J 25). For the higher-J CO lines, the S/N is too low to find more than traces of such emission, but this will be further discussed in Sect. 4.2.2. In the IRS5 field, the CO emission is completely point-like, leaving no residuals after the deconvolution.
The relatively strong extended emission in the SW part could also be explained by a CO point source in a position not associated with any YSO. No corresponding point source has been identified in the SMA data, in the Spitzer data, or in any source catalogue, but we cannot rule out that this is a very faintly emitting YSO. However, we do not consider this to be a point source, and the excitation conditions of this emission will be treated together with that of the other extended CO emission in Sect. 4.2.2. This peak bears resemblance to an outflow front, but it does not align well with the EW outflow found by van Kempen et al. (2009a) . The origin is thus uncertain.
The CO line emission in IRS5 is well-centred on the spaxel corresponding to IRS5A (see CO emission maps and CO residual maps in Figs. 3 and B. 2), and when running the POMAC code on this data assuming IRS5A as the only point source, only marginal residuals are found. It is thus reasonable to believe that IRS5N produces only a very low amount of CO emission.
OH and H 2 O emission patterns
The OH and H 2 O (p-H 2 O and o-H 2 O) line emission will be treated in the same section due to their similar emission pattern. IRS7A+SMM 1C are strong emitters of lines from these molecules, whereas IRS7B is much weaker in the OH and H 2 O transitions. The OH, p-H 2 O, and o-H 2 O line emission maps and residual maps are found in Figs. B.3-B.8. There is less extended emission in the OH and H 2 O line data compared to the CO data, in particular, there is no considerable extended emission southwest of IRS7. There is, however, some extended OH and H 2 O emission west of IRS7.
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Atomic line emission patterns
Compared to the CO, OH, and H 2 O emission in the IRS7 cloud, which is mainly centred on the three point sources, the [C ii] emission is more extended in the EW-direction and peaks in different positions from the other spectral lines in the IRS7 field. However, the [C ii] PACS data of protostellar sources often suffer from emission in the off-positions. We have investigated the signal using the two different nod positions, and the general structure is similar but not identical in these two data sets, which suggests that the detected [C ii] morphology may partly be an observational effect. The [C ii] data could thus be unreliable, and will not be further discussed.
The [O i] emission peaks on the point sources, but also shows strong extended emission in the whole IRS7 field, with residual peaks similar to those of OH and H 2 O, indicating that they trace the same extended gas. This is a good indicator of largescale PDR (photo-dissociation region) activity or alternatively outflow-associated shocks, since H 2 O can be photo-dissociated into OH and O (Hollenbach & Tielens 1997) . The [O i] data do not suffer from off-position emission to a significant level. The line ratio between the 145 µm and 63 µm [O i] lines varies between 0.06 and 0.11 for the point sources, which is also indicative of a strong radiation field (i.e. PDR activity; Kaufman et al. 1999) .
Around IRS5, however, the [C ii] and [O i] emission can be explained by two point sources centred at IRS5A and IRS5N.
Comparing line and continuum emission
Using our deconvolution algorithm POMAC, we find that the FIR line emission mostly originates from the (sub)mm/mid-IR continuum point sources (but there is also some CO and OH line emission from residual regions: Res SW-l, Res E-l, Res N-l, and Res W-l), whereas the FIR continuum shows a much more extended shape (see Fig. 6 ). After using the deconvolution algorithm we find that most of the continuum emission not associated with point sources can be found in two ridges extending in the east-west direction, positioned north and south of the YSO point sources. These ridges coincide with molecular (H 2 CO and CH 3 OH) emission detected in millimetre data, proposed to be heated by external irradiation from the Herbig Be star R CrA (Lindberg & Jørgensen 2012) . The northern ridge (Res N-c and Res N-l) coincides not only with the northern H 2 CO ridge observed by Lindberg & Jør-gensen (2012) , but also to some extent with HCO + J = 3 → 2 emission (Groppi et al. 2007 ) and X-ray emission (Forbrich & Preibisch 2007) . Another possible explanation for the physical conditions found in the region could thus be that the gas is dominated by X-ray irradiation.
Analysis

Analysis of the spectral energy distributions
The spectral energy distributions (SEDs) of the low-mass point sources, can be found in Fig. 8 , where continuum data points from Spitzer and SCUBA measurements as well as the deconvolved Herschel/PACS spectra have been included. Bolomet- ric luminosities are calculated from integration of a first degree spline fit to the SED data points (including line-free points across the Herschel spectrum) and bolometric temperatures are calculated from the mean frequencies of these spline fits (see Myers et al. 1998) . The results are shown in Table 4 . For the sources with strong submm emission, the SCUBA data have been linearly extrapolated to allow for integration of the SEDs up to 1.3 mm (cf. Jørgensen et al. 2009 ). The SED of R CrA is treated in Sect. 4.1.1. The luminosities of the observed low-mass sources (IRS7A+SMM 1C, IRS7B, IRS5A, and IRS5N) are all in the order 1 L -10 L . All these sources fulfil the L bol /L submm < 200 criterion for Class 0 sources (André et al. 1993) . On the other hand, the low-mass sources all have bolometric temperatures that fall in the Class I range, except IRS5N, which is a Class 0 source. However, as discussed previously, IRS7A+SMM 1C is a binary unresolved by Herschel, where the components have very different mid-IR and submm spectral energy distributions. It is thus likely that the bolometric temperature of SMM 1C is lower, and that of IRS7A is higher.
Differences between infrared and submillimetre continuum emission are also found between IRS5A and IRS5N in the IRS5 field. It has been suggested that IRS5A, being a binary (∼ 100 AU), has all the dust in the disc cleared away (Jensen et al. 1996; Peterson et al. 2011) , explaining why it is not detected by SMA mm observations. According to Peterson et al. (2011) , both IRS5A and IRS5N are Class I sources or younger, with IRS5N having a steeper mid-IR spectral slope α than IRS5A. The observations of IRS5 can be used as a comparison for the IRS7 sources, since they should be less affected by the irradiation from R CrA. IRS5A has a mid-IR luminosity a few times higher than that of IRS7A and IRS7B; however, it shows only moderate line emission in the FIR (Herschel) data.
The spectral energy distributions of the residual structures Res N-c and Res S-c within the PACS band (Fig. 9) are found to peak around the same wavelength as typical embedded YSOs do (such as the Class 0 source IRS5N). The SED peak around 100 µm corresponds to a black-body dust temperature of ∼ 40 K.
Spectral classification and SED of R CrA
The WHT optical spectrum of R CrA is consistent with a photosphere of a star with spectral type B3-A0, by comparison to the Pickles (1998) compilation of photospheric templates. The higher Balmer lines are seen in absorption and are used for the spectral comparison. The large range in acceptable spectral types is caused by the possibility of emission and absorption affecting the Balmer line equivalent widths. Strong emission is detected in Hα and Hβ. P-Cygni and inverse P-Cygni absorption are detected in some lines by Brown et al. (2013) . Both emission and absorption may affect the equivalent widths in the photospheric lines. A high resolution spectrum would be required to improve the spectral type.
This spectral type is consistent with the most reliable literature spectral types of B5 (Gray et al. 2006 ) and B8 (Bibo et al. 1992) , which were also obtained using blue spectra. Other spectral types range from A0-F5 (e.g. Joy 1945; Greenstein & Aller 1947; Hillenbrand et al. 1992; Vieira et al. 2003) but are typically based on red spectra, which are much less sensitive to the spectral type of hot stars. The spectrum cannot be well fit with the median interstellar extinction law, using a total-to-selective extinction ratio R V = 3.1. For the Weingartner & Draine (2001) extinction law with R V = 5.5, the A V = 4.5 for an A0 spectral type and 5.3 for a B3 spectral type. A higher A V may be obtained with a higher R V (Manoj et al. 2006 ), however such a high R V is not necessary to explain the shape of the optical spectrum.
The V magnitude at the time of our observation was ∼ 13.2 mag., as measured in our spectrum. The parameters B6 spectral type, A V = 5.0, and d = 130 pc lead to a luminosity of 22 L -much smaller than that inferred from the total SED and much smaller than that expected for a young B star. The Vband magnitude is variable by ∼ 3 magnitudes (Bibo et al. 1992) . At its brightest, the star could be 350 L , assuming no change in the measured extinction. Alternatively, the measured luminosity may be much lower than the real luminosity if the star is seen edge-on, as found in the Robitaille models (see below).
The SED of R CrA including SAAO, 2MASS, ISO SWS, and Herschel/PACS data points, is shown in Fig. 10 (blue data points and spectra). R CrA is found to have a bolometric temperature of ∼ 900 K, making it a Class II YSO; and a luminosity of 53 L , significantly lower than the previous value 99 L -166 L (Bibo et al. 1992 , the lower value is from integration of the SED and the higher value is from a model of the extinction-free SED). This discrepancy largely owes to the fact that Bibo et al. (1992) used KAO data for the FIR data points, and the large KAO beam included most of the R CrA cloud. As a result, the KAO 100 µm flux is 7 times higher than our deconvolved value for R CrA measured with PACS. Another contribution to the large spread in the spectral classification data in the literature (F5 to B5) could be variability of the source (see e.g. Herbst & Shevchenko 1999) .
We here attempt to constrain the physical properties of R CrA by the use of another method: using a database of SED models of YSOs (Robitaille et al. 2006 ) and an online 3 fitting tool (Robitaille et al. 2007 ), we find that the observed SED can best be explained by a source with stellar mass M ≈ 6 M , a stel-A&A proofs: manuscript no. herschel_rcra_arxiv lar temperature corresponding to a B3 star, a total stellar luminosity L ≈ 900 L , a nearly edge-on disc (inclination 80
• ), and an extinction of A V ≈ 3.3. The fit is found in Fig. 10 , together with the fifth and tenth best fits from this model. The ten best fits all correspond to sources with L bol 480 L and nearly edge-on discs. We also investigate the model SED of a star with the same properties as the best fit, but with a face-on disc. It is found to have flux densities more than an order of magnitude higher in the UV/optical and a few times higher in the infrared/submm than the edge-on counterpart. Thus, assuming that R CrA behaves like this model star, it will heat some parts of the surrounding regions much more efficiently than other parts, perhaps giving rise to the ridge-like structures of heated gas and dust. Differences in the density distribution could also contribute to the uneven temperatures in the region. Since the SED database is not exhaustive, and due to the large number of free parameters, the use of this model and the resulting interpretation could be unreliable. Lindberg & Jørgensen (2012) estimate a minimum luminosity for R CrA of 100L in order to heat the molecular gas to the measured temperatures.
Rotational diagram analysis
If the line emission is optically thin, the flux of a spectral line can be converted into a population of molecules in the upper state of the rotational transition it represents. Rotational temperatures and the total number of emitting molecules can be estimated by fitting a line to a plot of upper-state population versus upperstate energy (Goldsmith & Langer 1999; Green et al. 2013) . To evaluate the line flux of each spectral line for each YSO, one Fig. 10 . The R CrA SED (blue) with optical (SAAO) and 2MASS data points, and ISO SWS and Herschel/PACS spectra. Note that this SED has a different x-axis than the SEDs in Fig. 8 . Overplotted are the best, fifth best, and tenth best fits from the Robitaille model (red solid, dashed, and dotted). The best fit corresponds to Robitaille model ID 3011150, with a disc observed at an inclination of ∼ 81
• , an A V = 3.27, the distance 130 pc, and apertures similar to those of the instruments used for the actual observations. The sawtooth pattern at long wavelengths originates from the model being not very accurate at these wavelengths. The ten best fits all correspond to sources with luminosities of at least 480 L and high inclinations (> 80
• ). For the PACS fit, the continuum flux densities at 70 µm, 100 µm, and 160 µm have been used. could either use the line flux in the spaxel closest to the YSO (with a wavelength-dependent correction factor 4 applied), or the POMAC method described in Sect. 3 and Appendix C. When studying an isolated point source, the difference in the results of these two methods should be small, at least if the amount of extended emission is reasonably low. However, in a field with several YSOs (like IRS7), the emission from the YSOs would spill over into each other's spaxels, so that a strong emitter could influence the measured flux in a weaker nearby source. This spill-over contribution is minimised when the POMAC method is used. In this section, all rotational diagrams are calculated with fluxes estimated from the POMAC algorithm.
CO -point-source emission
In the non-deconvolved YSO spaxels, up to 28 CO lines are detected, from the J = 13 → 12 line at 200 µm to the J = 40 → 39 line at 66 µm. However, some CO lines, including the J = 13 → 12 line, lie in the leakage spectral region , and others are blended with other spectral lines (see Table 3 ). These lines will not be used in the rotational diagrams. We also detect five 13 CO lines (J = 14 → 13 to J = 21 → 20; three of the eight lines in this range are blended with stronger spectral lines).
The rotational temperature found by this method will correspond to the kinetic temperature if the cloud is homogeneous and in LTE, and the spectral lines are optically thin. However, in the case of CO, two rotational temperatures fit the data much better than does a single rotational temperature (see Green et al. 2013 for a justification of the use of a two-component fit; and also Manoj et al. 2013; Karska et al. 2013; Dionatos et al. 2013 ). In the case of CrA, the warm component has a temperature of approximately 300 K for all point sources, whereas the hot component has a larger spread around 650-1400 K (mainly due to a lower S/N), which both are in the same order as in many other embedded YSOs (see e.g. Green et al. 2013; Manoj et al. 2013; Herczeg et al. 2012) .
In Table 5 , the calculated CO rotational temperatures and total number of molecules are given along with the same properties of other similar sources in the literature. The errors on the temperatures and numbers of molecules are calculated assuming a systematic error of 20% on the line fluxes -even though the line fluxes are from the same spectrum, the systematic errors are assumed to be independent. The CO rotational diagrams are found in Fig. 11 .
The CO rotational temperatures towards IRS5A established from the POMAC fluxes are found to be within errors of those derived from just using the central spaxel flux and the PSF correction factor, as expected for this relatively isolated point source. IRS5N has five times as faint CO emission as IRS5A, but has a similar CO rotational temperature in the warm component. No hot component is detected in IRS5N (if present at a ratio relative to the warm component seen in other sources, it would be below the detection limit).
We also perform a rotational diagram fit for the 13 CO data in IRS7A+SMM 1C (see Fig. 12 ). From the five detected lines, we get a rotational temperature of 266 ± 35 K, which is consistent with the 12 CO temperature 294±16 K. The number of molecules is found to be (8.90 ± 1.58) × 10 47 , but if the temperature is constrained to the 12 CO value the number of molecules becomes slightly lower, 7.47 × 10 47 . With the 13 CO rotational temperature constrained to the 12 CO value, we find the 12 CO/ 13 CO abundance ratio to be 44±9, corresponding to an optical depth of 0.56±0.24 assuming the local ISM 12 C/ 13 C value of 77 ± 7 (Wilson & Rood 1994) . We adopt a CO line width of ∼ 7.5 km s −1 from Herschel HIFI observations of the 12 CO J = 16 → 15 line (Kristensen et al. in prep.) . This value is comparable to the 12 CO J = 7 → 6 quiescent component line width (8 km s −1 ; van Kempen et al. 2009a ). We use RADEX (van der Tak et al. 2007 ), a non-LTE radiative transfer code for calculations of line strengths in isothermal homogeneous interstellar clouds, to find that this marginally optically thick result is consistent with a 12 CO column density of ∼ 10 18 cm −2 , corresponding to a size of the emitting region in the order of a few arcseconds (∼ 500 AU).
We have also investigated whether the data can be fitted with a single kinetic temperature component of much higher temperature and lower density, as suggested by Neufeld (2012) . RADEX calculations assuming the same line width as above (7.5 km s −1 ) and the column density derived above (∼ 10 18 cm −2 ) give a single kinetic temperature component with a best fit at ∼ 5 000 K (> 2500 K with a 1σ certainty) for an H 2 density (2.5 ± 0.5) × 10 4 cm −3 for IRS7A+SMM 1C. For the best solution, the lowest-J (J 17) lines are marginally optically thick (τ ∼ 1), while the lines with J 22 have optical depths τ 1. The reduced χ 2 value for the best fit is 1.1. 
CO -extended emission
To investigate if the extended CO emission in the IRS7 region shows any variation in temperature, it was grouped into four areas: southwest, east, northwest, and west of the YSOs (see Fig. 7 ). We call the four residual emission regions Res SW-l, Res E-l, Res N-l, and Res W-l (l for spectral line). Res N-l overlaps with the central part of the continuum residual region Res N-c, and Res SW-l overlaps with the western part of Res S-c (see Fig. 6 ). By computing the residual spectral line emission in these regions we can produce rotational diagrams for this extended emission.
The resulting rotational diagrams are found in Fig. 13 ; as for the point-source emission, a warm and a hot component with rotational temperatures around 300 K and 900 K, respectively, are found. The exact properties of the fits are included in Table 5 . The rotational temperatures of the residual emission are within the errors of the point-source rotational temperatures.
On one hand, the extended emission is not deconvolved, and one can thus argue that a PSF correction factor needs to be applied to this data. On the other hand, since these fluxes are sums Article number, page 13 of 37 A&A proofs: manuscript no. herschel_rcra_arxiv Fig. 11 . CO rotational diagrams of the point sources in the deconvolved PACS data. Some high-J data points are missing in some sources since many of these lines lie around the detection limit and the noise level is fluctuating. N is the total number of CO molecules in each source given the rotational fit.
of emission from several (2-6) spaxels (see Fig. 7 ), they are clearly in less need of PSF correction than point-source data. However, to take this issue into account, we calculate the rotational temperatures of the extended emission also using the PACS standard PSF correction factor from the PACS manual, and use the result when establishing the lower boundary of the error estimate of these temperatures.
OH and H 2 O
The excitation conditions of the related species, OH and H 2 O, are treated together in this section.
For the unresolved OH doublets, the sum of both lines is measured and divided by 2. In the rotational diagram fits we exclude the same lines as Wampfler et al. (2013) . These excluded lines are the 119 µm doublet (which in similar sources is found to be an optically thick transition), the 84.4 µm line (CO blend), and the 98 µm and 55 µm doublets (lines in leakage regions). They are plotted with open circles in the rotational diagrams.
The OH rotational diagrams of the point sources are found in Fig. 14 , and those of the extended emission in Fig. 15 . The derived parameters are listed in Table 6 , where they are also compared to some other embedded sources in the literature. The CrA sources have fairly uniform excitation temperatures, and do not differ significantly from the other sources in the literature. We also produce OH rotational diagrams of the four extended regions (Fig. 15) . The OH temperatures in the extended emission are similar to the point sources within 3σ.
For H 2 O, we assume an ortho-to-para ratio of 3 (Herczeg et al. 2012 ). This assumption is accounted for in the rotational The separation between these sources is too small to allow for treating their line fluxes independently using POMAC.
(c) For the sample averages, standard deviations of the mean (the standard deviation of the sample divided by the square root of the sample size) of the significant fits are given.
(d) From Herczeg et al. (2012) . (e) From Goicoechea et al. (2012) .
(f) Average of SMM3b, SMM3c, SMM3r, and SMM4, from Dionatos et al. (2013) , assuming a distance of 415 pc.
(g) From Green et al. (2013) , including all DIGIT embedded sources except the CrA and Serpens SMM3/4 sources. The Serpens region is, like the CrA region, suffering from confusion and is treated in a separate paper (Dionatos et al. 2013 ).
(h) From Manoj et al. (2013) . diagrams . The H 2 O rotational diagrams show quite large spreads, which are mainly due to subthermal excitation effects and optical depth effects on some of the lines (Herczeg et al. 2012) . The apparent shift between ortho and para lines might be caused by either of these effects, or by an ortho-to-para ratio lower than 3, but without more elaborate radiative transfer models it is impossible to distinguish between these scenarios. The derived rotational temperatures and total numbers of molecules are shown in Table 7 . As in the case of OH, non-LTE radiative transfer models can be used to resolve the optical depth effects (Herczeg et al. 2012) . Another method would be to exclude spectral lines suspected to be optically thick. The H 2 O excitation temperatures are higher than the OH temperatures. The higher H 2 O temperature in R CrA than in the other sources is likely caused by a smaller number of detected lines, which enhances the temperature since the stronger lines are optically thick. The observed H 2 O temperatures do not vary significantly from the DIGIT average. As in the CO and OH cases, the H 2 O rotational temperatures are similar in the extended emission and in the point sources.
Comparison of the rotational diagrams
The rotational temperatures of the three molecules studied in the FIR data (CO, OH, and H 2 O) are all different (see Tables 5-7) . There are, however, relatively small spreads among the warm CO and OH temperatures, respectively. The warm CO temperature average is significantly lower in the CrA point-source sample than in the DIGIT sample ), but in agreement with the HOPS (Herschel Orion Protostar Survey) sample Fig. 15 . OH rotational diagrams for the residual emission of the extended regions Res SW-l, Res N-l, Res E-l, and Res W-l. The data points plotted as open circles were not included in the fit due to optical thickness, blends, or leakage. N is the total number of OH molecules in each source given the rotational fit. (Manoj et al. 2013) ; whereas the hot CO is in agreement between the CrA and DIGIT samples, but higher than in the HOPS sample. The OH and H 2 O temperatures are similar between the CrA and DIGIT samples, where the DIGIT sample average for OH has been recalculated for consistency using only the OH lines in our fits, and thus does not agree with the average value given by Green et al. (2013) .
Comparing the number of molecules per source between the CrA and DIGIT samples shows that the average number of CO molecules is larger in the CrA sample, the average number of OH molecules is larger (but within errors) in the CrA sample, and the average number of H 2 O molecules is lower in the CrA sample. Comparing these results could however be biased, since it was not possible to construct OH and H 2 O rotational diagrams for all sources in the DIGIT sample where CO rotational diagrams could be made. Instead, calculations of line ratios in the whole DIGIT sample will be a better tracer of any difference in abundance ratios (see Sect. 5.4).
Discussion
Survey of source properties
In Table 8 , some important properties of the studied point sources and extended line emission regions are tabulated along with the DIGIT sample averages. The properties of the sources in the CrA sample are found to be fairly typical for low-mass embedded protostars. Since IRS7A and SMM 1C cannot be separated in the PACS data it is difficult to draw any conclusions about the classes of the separate sources. However, their different appearance in continuum data of other bands (IRS7A is detected in mid-IR but not mm; SMM 1C is detected in mm but not mid-IR) and their combined T bol = 80 K point towards SMM 1C being a Class 0 source. IRS5N is definitely a Class 0 object, but the other low-mass sources in the sample cannot consistently be assigned to Class 0 or Class I.
The SEDs of the extended continuum emission (in Res N-c and Res S-c; see Fig. 9 ) are similar to that of the Class 0 source IRS5N, which indicates that this gas has similar temperatures to those of very young protostellar cores. The dust black-body temperature of the two continuum ridges is found to be 40-50 K, which is consistent with the H 2 CO temperature, estimated to be 40-60 K in Lindberg & Jørgensen (2012) . Lindberg & Jørgensen (2012) showed that these temperatures cannot be caused by radiation from the low-mass protostars, but can instead be explained by external irradiation from R CrA.
Excitation conditions
As pointed out earlier, the CO excitation temperatures in the point sources are in good agreement with those found in larger samples of low-mass embedded objects Karska et al. 2013; Manoj et al. 2013) . One possible explanation for the excitation conditions being similar towards the externally irradiated protostars and in sources not subject to external irradiation is that the irradiation from R CrA is not substantial enough to dramatically change the properties of the high-temperature gas. The excitation conditions of the extended molecular line emission found across the IRS7 field are consistent with those of the compact objects, and do not change significantly across A&A proofs: manuscript no. herschel_rcra_arxiv the IRS7 field. The appearance of such extended emission is, however, unusual. The excitation diagrams could be explained by a single-temperature non-LTE fit (Neufeld 2012) , assuming a low gas density (n ∼ 10 4 cm −3 ), and that the gas is collisionally excited to high temperatures (T ∼ 5 000 K). However, the observation of strong and extended H 2 CO and CH 3 OH emission in the field makes this low-density scenario unlikely. Furthermore, H 2 densities 10 6 cm −3 do not fit with the H 2 CO optical depth derived by Lindberg & Jørgensen (2012) . Another possibility is that the molecular gas towards the point sources and the extended gas are excited by different excitation mechanisms.
Comparing FIR and mm spectral line data
Strong CO J = 6 → 5 and J = 7 → 6 emission found on an east-west line centred at IRS7A van Kempen et al. (2009a) are consistent with the residual CO regions Res E-l and Res W-l, although the FIR data is more dominated by the point-source emission. The major difference between the morphology of the H 2 CO and CH 3 OH mm line data (Lindberg & Jørgensen 2012) and the FIR (Herschel) line data is that most of the FIR line emission is well-aligned with the mm and mid-IR continuum point sources, while the mm lines appear in more extended structures, which are not centred on these point sources. However, the residual PACS continuum emission after deconvolution of the point-source emission (corresponding to extended dust continuum emission) shows shapes very similar to the hightemperature H 2 CO ridges observed in the mm (see Fig. 6 ). The H 2 CO rotational temperatures measured in the SMA/APEX mm data range from 30 to 100 K, but non-LTE modelling shows that the physical temperatures probably are in the order of 40-60 K (Lindberg & Jørgensen 2012) . The PACS SEDs of these ridges 
Notes.
(a) The temperatures are for the warm and hot components, respectively. The total number of molecules is the sum of the warm and hot component.
(b) Combined value for IRS7A and SMM 1C.
(c) Detected in ALMA 0.8 mm continuum (Lindberg et al. 2013) . (d) Average of the DIGIT sample, from Green et al. (2013) , not including the CrA and Serpens sources. The OH rotational diagrams have been recalculated excluding the same lines that are excluded in this paper.
show black-body temperatures (∼ 40-50 K; see Fig. 9 ) consistent with the H 2 CO temperatures measured. The H 2 CO ridges are observed on relatively large scales (∼ 8 000 AU), and are not associated with the point sources.
The POMAC algorithm shows that most of the FIR molecular line emission originates from the mid-IR/(sub)mm point sources IRS7A, SMM 1C, IRS7B, R CrA, and IRS5A. This emission is similar in excitation to what is found towards sources that are not subject to external irradation. However, through the deconvolution we also find extended line emission in the IRS7 region. Interestingly, the CO, OH, and H 2 O excitation conditions of the extended emission resemble those near the protostars (see Tables 5-7) , and suggest high temperatures also on these relatively large scales (> 1 000 AU from the protostars). Such extended line emission, in particular the hot CO and OH emission, is unusual around low-mass embedded objects (see e.g. van Kempen et al. 2010; Green et al. 2013; Karska et al. 2013) .
Still, the H 2 CO emission detected by SMA/APEX is even more extended, and not associated with the point sources. Regardless of the lower spatial resolution of the PACS data, it is certain that the FIR and mm line emission have different origins.
Water and oxygen chemistry
Assuming that the region around R CrA exhibits PDR-like conditions, the OH abundance should be enhanced with respect to the H 2 O abundance (see e.g. Walsh et al. 2013) . We thus want to establish whether the OH/H 2 O ratio is enhanced in these sources compared to other sources in similar stages of evolution. A firstorder comparison can be made by analysing the ratios of certain OH and H 2 O spectral lines in the DIGIT sample of embedded protostars . So far, no systematic study of OH and H 2 O excitation diagrams and abundances in low-mass embedded objects is available. To avoid biases introduced by different amounts of detected lines and different methods of extract- (a) The methods used for calculating the error estimates are the same as for the CO rotational diagrams, see For the sample averages, standard deviations of the mean of the significant fits are given (see Table 5 ).
(c) From Herczeg et al. (2012) . Two separate cool and warm components.
(d) From Goicoechea et al. (2012) .
(e) Average of SMM3b, SMM3c, SMM3r, and SMM4, from Dionatos et al. (2013) , assuming a distance of 415 pc.
(f) Average of the DIGIT sample, from Green et al. (2013) , not including the CrA and Serpens sources.
ing the abundances, we instead compare the ratios of individual spectral line luminosities.
We need to compare OH and H 2 O lines suspected to be optically thin, that are detected in many sources, that have small PSFs (short wavelengths) or at least similar PSFs (similar wavelengths), and that have similar upper-level energies to remove any bias. Thus, in the first four panels of Fig. 18 , we plot four different line ratios of three OH lines and three H 2 O lines. The wavelengths differ by less than 20 µm and the upper level energies by less than 80 K for each of the ratios. Details on the transitions are found in the figure. We find that all the CrA sources have an OH/H 2 O line ratio higher than most other DIGIT embedded objects, which is indicative of PDR activity (Hollenbach & Tielens 1997) . Also the extended regions have relatively high OH/H 2 O ratios. We have also compared the OH (c.f. Fig. 9 in Wampfler et al. 2013) , H 2 O, and CO (J = 16 → 15; cf. Fig. 22 in Green et al. 2013 ) line luminosities to the bolometric luminosities of the DIGIT and WISH embedded sources, and found that the sources in CrA fall within the scatter around the linear correlation for all three lines, although on the higher end in the OH and CO case. We find that the enhanced OH/H 2 O ratio mainly is due to an increase of the OH flux rather than a decrease of the H 2 O flux.
From dissociation of OH, O should be a major destruction product, so we would also expect an enhancement of the [O i] line strengths compared to H 2 O and OH in a PDR (Hollenbach & Tielens 1997) . In the third row of diagrams in Fig. 18 We see a very strong enhancement of [O i] , in particular in the extended regions, supporting the hypothesis of a PDR induced by external irradiation.
In the last row of Fig. 18 Podio et al. 2012 ), but the low bolometric temperatures and L bol /L submm ratios of the sources indicate that they are Class 0/I sources, and the (in many cases) higher line ratios found in the extended emission compared to the point sources indicate that the heating is external in its origin.
Conclusions
We study Herschel/PACS line and continuum maps of the lowmass star-forming region R CrA subject to strong irradiation from the nearby Herbig Be star R CrA. In addition, we deconvolve the maps to study the point-source and extended contributions to the emission. Our main results are the following:
1. FIR continuum emission is found not only at the (sub)mm and mid-IR continuum point sources, but also (somewhat fainter) in two ridges north and south of the IRS7 protostars. These correlate in position with H 2 CO and CH 3 OH mm emission, and the continuum emission peaks give temperatures (40-50 K) similar to the rotational temperature of the H 2 CO emission (Lindberg & Jørgensen 2012) , both suggesting that the extended FIR continuum emission traces the dust associated with the externally irradiated material. 2. The rotational temperatures of the warm CO component (286 ± 3 K), the hot CO component (950 ± 148 K), OH (88 ± 4 K), and H 2 O (197 ± 9 K) measured towards the continuum point sources are consistent with or lower than those found in larger samples of similar sources, suggesting that the excitation conditions of the dense gas close to the protostars are not affected by the external irradiation. A 13 CO rotational diagram suggests that the mid-J 12 CO lines are marginally optically thick (τ ∼ 0.6). 3. CO, OH, and H 2 O emission not associated with any of the previously known continuum point sources is detected, and shows excitation conditions similar to the gas near the protostars (277 ± 7 K for the warm CO component, 829 ± 69 K for the hot CO component, 71 ± 2 K for OH, and 198 ± 12 for H 2 O). The warm gas thus exists on much larger scales than can be explained by heating from the low-mass YSOs. One possible explanation is that this emission traces radiatively excited low-density gas, but detections of high density tracers such as H 2 CO and CH 3 OH challenge this hypothesis. The extent of the FIR molecular emission is larger than previously seen in any low-mass protostellar sources. 4. When comparing the IRS7 and IRS5 fields -the former with a smaller angular separation from the irradiating Herbig Be star R CrA than the latter -we find that the two fields have similar average rotational temperatures of the warm CO component (285 K and 288 K, respectively), OH (90 K and 80 K, respectively), and H 2 O (200 K and 190 K, respectively). However, more extended emission (both line and continuum) is seen in the IRS7 field than in the IRS5 field. (Hollenbach & Tielens 1997) . Typically, these line ratios are enhanced by a factor of 1.5-4.0 in the CrA sources.
To further study the origin of the excitation conditions in protostellar cores and their surroundings, we propose similar investigations of any extended emission in PACS observations of embedded objects, including other sources in regions of potential strong external irradiation. This could for instance include the Orion sources discussed by Manoj et al. (2013) , and the isolated sources in the DIGIT sample ).
A&A proofs: manuscript no. herschel_rcra_arxiv . The CrA extended emission regions are marked with grey lines. Only data points where both lines are significantly detected are included. 
It should be noted that in the case of extended emission across the whole field, the algorithm will extract too much flux to the point source, producing a hole in the residual emission. It is, however, impossible to predict the amount of the emission on the point source that should be attributed to the extended emission, and we have thus chosen the most simple approach. In the CrA data, the large-scale extended emission is weak in comparison with the point source emission, so this does not appear to affect the results more than 20%.
The algorithm works particularly well in the IRS7 field, where we have two overlapping PACS footprints (creating an almostNyquist sampled grid for most of the PACS bandwidth), but it is also useful for regions with only one PACS footprint, such as IRS5. The method is useful, not only to disentangle emission from several point sources, but also to establish whether a source is a point source or shows extended emission.
